The efficacy of protease and ethylenediaminetetraacetic acid, tetrasodium salt dihydrate (EDTA)-Tween 20 in unmasking bovine respiratory syncytial virus (BRSV) antigens in formalin-fixed lung tissue was compared using avidin-biotin immunoperoxidase procedure. Tissues were taken from experimentally infected lambs. BRSV antigen stained in both techniques. Treatment with EDTA-Tween 20 resulted in more intense staining of BRSV infected cells, more uniform cytoplasmic staining, less non-specific background, and superior cellular detail in comparison to protease digestion.
Respiratory syncytial virus (RSV) is a common cause of respiratory disease in both human beings and lives t o~k . * , ' * ,~~,~~ Infection can result in a severe necrotizing bronchiolitis and pneumonia, which are seen more frequently among immature than mature animals.*J5 RSV is a fastidious virus. Histologic sections allow only a presumptive diagnosis of bovine respiratory syncytial virus (BRSV) pneumonia since Parainfluenza 3 virus can cause similar lesion^.^ Until recently, histological detection of BRSV was done only by a fluorescent antibody test on unfixed tissue.
Immunohistochemical techniques using fixed tissue greatly facilitates BRSV diagnosis by allowing the identification of the specific cell types infected and of tissue changes. Recently, BRSV antigen detection in fixed tissue has been demonstrated with immunoperoxidase techniques using a monoclonal antibody against BRSV or protease digestion in combination with anti-BRSV rabbit a n t i~e r a .~,~.~ Protease tissue digestion, while unmasking some antigenic sites, destroys others and causes noticeable tissue damage.8 In this study, we compare protease digestion with detergent treatment for unmasking BRSV antigen in fixed tissue sections.
Materials and Methods
Yearling sheep were inoculated intratracheally with 20 ml of bovine respiratory syncytial virus (BRSV) 375 inoculumL2 on day 0 and day 1. The sheep were killed on day 5 , and lung tissue was fixed by submersion and stored in 10% neutral buffered formalin for 4 days, processed routinely, and embedded in paraffin at 60 C. To assess Tween's ability to unmask BRSV antigen after paraformaldehyde or glutaraldehyde fix-ation, additional tissue was fixed by submersion in 4% paraformaldehyde in 0.1 M cacodylate buffer pH 7.4 for 24 hours and in 2.5% glutaraldehyde in 0.1 M cacodylate buffer pH 7.4 for 12 hours. Tissues were stored in 0.1 M cacodylate buffer prior to paraffin embedding. Sections of 3 pm thickness were put on poly-L-lysine coated glass slides, deparaffinized with three changes of xylene, rehydrated through graded acidified alcohol baths (0.5 ml concentrated HC1/250 ml), and taken to distilled water. At this point, the sections were subjected to one of two treatments prior to staining for BRSV using an immunoperoxidase ABC p r o c e d~r e .~ One treatment involved protease digestion of the sections; the other was adapted from a technique in which the sections are washed with a buffer containing ethylenediaminetetraacetic acid, tetrasodium salt dihydrate (EDTA) and Tween 2O.'O.I3 The primary antibody in both techniques was rabbit antisera made to the whole virus (Dr. C. Kucera, Norden Lab., Inc., Lincoln, NE) and the remaining immunoperoxidase reagents were obtained commercially (Vectastain ABC Kit, Vector Lab., Burlingame, CA) and used at identical concentrations on all sections.
The following text describes the EDTA and Tween 20 technique used in this study. After rehydration, endogenous peroxidase activity was eliminated by submerging the sections in freshly prepared 1% H,O, in absolute methanol for 30 minutes. The tissues were then rinsed by submersion for three 5-minute periods in 0.05 M Tris buffered saline (TBS) pH 7.6, after which they were submersed in TBS-EDTA-Tween buffer pH 7.6 (TBS with 1 mM EDTA and 0.05% Tween 20) and incubated for 10 minutes. The sections were then flooded with undiluted normal goat serum (blocking serum) and incubated for 15 minutes at 37 C in a humidified chamber. The blocking serum was blotted off, and primary rabbit anti-BRSV antiserum, diluted 1 : 1,000 in TBS, was applied by flooding each section. The sections were then incubated at 4 C overnight in a humidified chamber and rinsed by submersion for three 5-minute periods in TBS-EDTA-Tween buffer. Next, the sections were flooded with biotintylated goat anti-rabbit antisera diluted 1 : 100 in TBS and incubated at 37 C for 60 minutes in a humidified chamber. The sections were then rinsed by submersion for three 5-minute periods in TBS-EDTA-Tween buffer. After rinsing, the sections were flooded with ABC reagent, diluted 1 : 100 in TBS-EDTA-Tween buffer, and incubated for 60 minutes at 37 C in a humidified chamber. Following ABC incubation, the sections were rinsed for one 5-minute period by submersion in TBS-EDTA-Tween buffer, followed by two 5-minute rinses with TBS. The sections were then incubated with freshly made DAB substrate for 10 minutes at room temperature in a humidified chamber, followed by a 5-minute rinse with running tap water. All sections were counterstained with Mayer's hematoxylin.
The following text describes the protease digestion technique used in this s t~d y .~,~ After rehydration, endogenous peroxidase activity was eliminated by submerging the sections in freshly prepared 1 Yo H,O, in absolute methanol for 30 minutes. Tissues were then rinsed with tap water for 5 minutes. Next, protease digestion was carried out for 10 minutes at 37 C by flooding each section with a solution of 1% protease (Protease XIV, Sigma Chem. Co., St. Louis, MO) made up in TBS pH 7.6. Tissues were then washed by submersion for three 5-minute periods in TBS. The sections were then flooded with undiluted blocking normal goat serum, as described for the Tris-EDTA-Tween technique. From this point on, the protease and Tween treated sections were treated identically, with the exception that, for the protease technique, all rinses were carried out and reagents made up using only TBS.
Negative controls consisted of a) substitution of normal rabbit sera for the primary antibody, b) substitution of TBS for primary antibody, and c) staining of adenovirus-infected sheep lung tissues.
Results
Histological changes in the infected tissues were characterized by moderate multifocal purulent bronchiolitis with epithelial sloughing, syncytia formation, and mild alveolar septa1 thickening. Specific staining of infected cells was obtained with both methods. In all sections, infected cells had sloughed and intact bronchiolar epithelium, alveolar macrophages, and occasionally syncytia.
The two staining techniques were compared by staining paired adjacent sections (Figs. 1 a-3b ). Protease digestion, prior to staining, resulted in peroxidase labeling of infected cells primarily along the cell's periphery and of perinuclear cytoplasmic inclusions, not detectable on routine hematoxylin and eosin (HE) sections ( Figs. 1 b, 2b) . A diffuse background staining, not extensive enough to interfere with recognition of infected cells, was present throughout the parenchyma and airspaces in the sections exposed to protease diges-tion. The loss of cellular detail resulting from protease digestion is evident by the lack of cilia on the airway epithelium ( Fig. 3b ). Sections that were treated with Tris buffered saline (TBS)-ethylenediaminetetraacetic acid, tetrasodium salt dihydrate (EDTA)-Tween buffer had intense antigen staining distributed throughout the cytoplasm of infected cells. Cytoplasmic inclusions were not evident (Figs. la, 2a) . Instead, many of the antigen positive cells contain cytoplasmic vacuoles (Fig. 2a ). Cellular detail was preserved with cilia easily visualized (Fig.  3a) . In some cells, the staining of viral antigens was most intense along the cilia (Fig. 3a) and apical portions ofthe cell. There was no diffuse background staining ( Figs. 2a, 3a) . The TBS-EDTA-Tween technique resulted in more intense and uniform staining of a greater number of cells than the protease technique.
Bovine respiratory syncytial virus antigen stained in paraformaldehyde-and glutaraldehyde-fixed tissues. Glutaraldehyde-fixed tissues stained much less intensely than either formalin-or paraformaldehyde-fixed tissues.
All negative controls had no peroxidase staining.
Discussion
In our laboratory, the use of Tris buffered saline (TBS)-ethylenediaminetetraacetic acid, tetrasodium salt dihydrate (EDTA)-Tween buffer technique for detection of bovine respiratory syncytial virus (BRSV) infected cells in fixed, processed tissues was superior to protease digestion for the following reasons: 1) intensity and homogenity of cytoplasmic staining was greater; 2) diffuse background staining was not present; 3) infected cells were more easily distinguished from adjacent noninfected cells; and 4) there were less adverse effects on cellular morphology.
Tween 20 acts to unmask antigenic sites in fixed cell membranes through its actions as a nonionic detergent, as opposed to protease digestion, which acts by digesting protein portions of the cell membrane.8J0 Enzymatic digestion, while exposing some antigenic sites, destroys others; therefore, time, temperature, and pH must all be carefully controlled to ensure consistent tissue digestion to expose the optimum antigenic sites. Such precise control of these variables is not critical with the TBS-EDTA-Tween technique.
The more intense peroxidase labeling of the TBS-EDTA-Tween treated sections results from Tween's ability to unmask antigens without altering antigenic determinants and lowering surface tension, allowing deeper and more uniform penetration of labeling antibodies and reagents into the section.'O The TBS-EDTA-Tween treatment of sections decreases nonspecific background staining through better elution of unbound reagents and decreased non-specific binding (a) Bovine respiratory syncytial virus (BRSV) infected lung tissue stained with immunoperoxidase for BRSV antigen after Tris buffered saline (TBS)-ethylenediaminetetraacetic acid, tetrasodium salt dihydrate (EDTA)-Tween treatment. Same field as pictured in Fig. 1 at a higher magnification. Cellular outlines distinct; cytoplasm of infected cells stains uniformly, many contain vacuoles (arrow). (b) Adjacent section to tissue pictured in Fig. 2a stained with immunoperoxidase of antibodies through hydrophobic interactions with the tissue.l0
The staining characteristics of the protease digested infected tissues are consistent with those described by Bryson et al.4, 5 Inclusions similar to those seen in the protease digested sections were reported with the use of fluorescent antibody techniques and were attributed to differences in antigenicity of BRSV strains and antisera specificity.' In contrast, our results indicate the difference in staining is the result of the technique used since our antiserum and viral strains were homologous. Either TBS-EDTA-Tween treatment is not unmasking the antigens comprising the inclusions or staining of inclusions is obscured by the homogenous cytoplasmic staining.
The decreased intensity of staining for BRSV antigen in glutaraldehyde-fixed tissues in comparison with either formalin or paraformaldehyde fixation is attributable to the extensive crosslinking and irreversibility of glutaraldehyde fixati~n.~.' I The TBS-EDTA-Tween technique aids in the diagnosis of BRSV by decreasing the non-specific background staining of necrotic and inflamed tissue, prominent in many samples received by diagnostic laboratories. From the research aspect, protease causes loss of cellular detail while the TBS-EDTA-Tween treatment did not cause noticeable tissue damage. This is of major importance for identification and examination of infected cells. For these reasons, we feel that the TBS-EDTA-Tween technique is more advantageous than the protease digestion technique for detection of BRSV antigen in fixed tissues for diagnostic and research purposes.
